Glucosinolates (GLs) were characterized in the seed and root of Aurinia leucadea (Guss.) C. Koch and A. sinuata (L.) Griseb., and quantified according to the ISO 9167-1 official method based on the HPLC analysis of desulfo-GLs. Glucoalyssin (GAL, 1), glucobrassicanapin (GBN, 2) and glucoberteroin (GBE, 3) were the major GLs identified in A. leucadea and A. sinuata. GC/MS analysis of the volatile fractions obtained after enzyme hydrolysis showed that they mostly contain isothiocyanates (ITCs) originating from the parent GLs. On this basis and from previous reports, C-5 alkyl GLs 1, 2, and 3 can be considered as chemotaxonomic markers of the Aurinia genus.
In the Brassicaceae family, the genus Aurinia comprises 12 taxa [1a] among which Aurinia sinuata (L.) Griseb. and A. leucadea (Guss.) C. Koch represent two endemic species [1b] . These plants can be found in mountainous areas of Central and Southern Europe, Russia and Turkey. The Aurinia genus is closely related to Alyssum in which it was formerly included. According to some biosystematic and chemotaxonomic studies, flavonoids can be used for Aurinia genus recognition [1a, c, d] . The most distinctive phytochemicals found in plants of the Brassicaceae family are glucosinolates (GLs). Different GL structures have been identified which include mostly aliphatic, arylaliphatic and indole GLs. However, GLs investigation is an ongoing research activity and new structures, after Fahey et al.'s review [2a] , have been documented and reviewed by Agerbirk and Olsen [2b] , and now include more than 130 compounds. Although GL type and quantity are known to vary within tissues of an individual plant, its GL profile is usually composed of a limited number of these compounds. The chemistry of aerial parts of A. sinuata and A. leucadea was previously investigated [3a, b] . The volatiles obtained from these species showed a broad spectrum of antimicrobial activities, which are mostly attributed to the degradation products of the present GLs [3a, b] . There is currently much interest in identifying phytochemicals with useful biological activity. Thus, the aim of this work was to profile and quantify for the first time the GLs present in the seed and root of A. sinuata and A. leucadea. GLs were extracted and analyzed by HPLC as desulfoglucosinolates (DS-GLs) and were identified by comparison of their retention times (t R ) and UV spectra with those of standards. The GL content in the different plant parts is reported in Table 1 . Moreover, the data are also reported obtained by GC/MS analysis of the volatiles from the seed and root produced after hydrolysis by endogenous enzymes present in the plant material (autolysis) and added exogenous myrosinase (from Sinapis alba). The volatiles originating from the degradation of GLs, as well as the other miscellaneous ones are presented in Tables 2 and 3, respectively. In the seed extracts from A. leucadea, four major peaks were observed at t R 7.4, 9.4, 13.6, and 18.5 min. The major peaks were identified as desulfogluconapin (t R 9.4 min, desulfobut-3-enyl GL, DS-GNA), and desulfoglucoalyssin (t R 7.4 min; desulfo-5-(methylsulfinyl)pentyl GL, DS-GAL). The following major peaks were identified as desulfoglucoberteroin (t R 18.5 min; desulfo-5-(methylsulfanyl)pentyl GL, DS-GBE) and desulfoglucobrassicanapin (t R 13.6 min; desulfopent-4-enyl GL, DS-GBN). Two minor peaks observed at 5.3 and 11.5 min were identified as desulfoglucoraphanin (desulfo-4-(methylsulfinyl)butyl GL, DS-GRA) and desulfoglucocochlearin (desulfo-1-methylpropyl GL, DS-GCC). DS-GBE and DS-GAL were also found as the most abundant GLs in the extract obtained from A. leucadea root, along with minor DS-GRA and desulfoglucoerucin (t R 14.4 min, desulfo-4-(methylsulfanyl)butyl GL, DS-GER).
The corresponding GL degradation products present in the volatile extracts as a result of the myrosinase hydrolysis -both from seed and root -confirmed the GLs identified by HPLC analysis. The main GL breakdown products were 5-(methylsulfinyl)pentyl isothiocyanate (ITC) (2.9 -37.0%) resulting from hydrolysis of GAL (1), pent-4-enyl ITC (11.0 -13.5%) from GBN (2), 5-(methylsulfanyl)pentyl ITC (11.1 -12.0%) together with 6-(methylsulfanyl)hexanenitrile (0.6 -1.0%) from GBE (3), and but-3-enyl ITC from GNA. All those were also the major GLs identified by HPLC. The minor GLs identified by HPLC were also correlated with their degradation products: sec-butyl ITC (4.7%) from GCC, 4-(methylsulfanyl)butyl ITC (0.4 -6.1%) along with 5-(methylsulfanyl)pentanenitrile (1.0%) from GER, and 4-(methylsulfinyl)butyl ITC (0.2 -1.8%) from GRA. Additional degradation products such as benzyl ITC (0.4 -1.0%), along with phenylacetonitrile (trace) originating from glucotropaeolin (GTL) and n-heptyl ITC (0.2%) originating from n-heptyl GL were also identified. These compounds were not detected in the seed and root by HPLC-DAD. All aforementioned GLs (except n-heptyl GL) were previously reported by us in the different plant parts (stem, leaf, and flower) of A. leucadea [3b] . Individual and total GL contents in the seed and root were evaluated by making use of a defined external calibration curve established for a purified desulfosinigrin (DS-SIN) standard considering the values of the relative proportionality factor (RPF) reported in the literature [4a] . As the RPF of DS-GCC is not reported in the literature, an arbitrary RPF value equal to 1 was used for the quantification of DS-GCC. Two major GLs, GNA and 1 present in equimolar concentration accounted for 85.8% of total GLs in the seed, while 3 was the most abundant in the root, representing 72.3% of total GLs.
The chromatographic qualitative profile of the seed was similar to that of A. leucadea flowers [3a] and confirmed it to be a good source of GLs. Reproductive tissues, such as flowers and seeds, are expected to have a high GL content. When comparing our current results with our previous investigation [3b], it was observed that the content of total GLs in A. leucadea tissues is as following: seed ≥ flower> stem > leaf > root. The amount of total GLs in the flowers and seeds is about 3.4 times higher than in the root, 2.5 times than in the leaves and 1.6 times than in the stem. These ontogenetic shifts in GL allocation patterns within the plants are thought to reflect optimal allocation of defensive compounds [5] . The relative levels of total GLs in various plant organs in Brassicaceae plants can differ from those observed in A. leucadea [6, 7] . Such variations may be attributed to genetic and environmental factors. Moreover, our results and the ones in the literature [3b] show a change in the type of major GLs according to the plant organs following the steps of GL biosynthesis during plant growth from roots, through stems, leaves, flowers, and finally to seeds. The sulfur in the alkyl chains of the methylsulfanyl GLs (3 and GER, more present in roots) oxidized to give methylsulfinyl GLs (1 and GRA, more present in stems, and leaves) and later eliminated by oxidative cleavage to yield alkenyl GLs (GNA and 2, more present in flowers and seeds). Glucosinolates in Aurinia species
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In A. sinuata seed extracts, three major peaks were observed at t R 7.4, 13.6, and 18.5 min. The major peak (t R 7.4 min) was identified as DS-GAL, the peak at t R 13.6 min as DS-GBN, and the one at t R 18.5 min as DS-GBE. GLs 1, 2, and 3 represented 72.1, 19.9, and 8.0% of total GL in the seed, respectively. DS-GAL and DS-GBE were also the only two GLs present and identified in the root. With a total GL content of 86.4 μmol/g dry weight, A. sinuata seed was confirmed to be an equally good source of GLs as that of A. leucadea seed. In addition, the total GL content of the seed and root of A. sinuata displayed a similar ratio as the one observed in A. leucadea.
GLs 1 and 3 were predominant in the root of A. sinuata, representing 30.0 and 70.0% of the total GL content, respectively. GL 2 was not observed by HPLC analysis, but detected as its degradation product by GC/MS analysis (Table 2) . However, temperatures such as 100ºC and higher can promote the conversion of alyssin and sulforaphane into pent-4-enyl-and but-3-enyl ITCs, respectively [3a, 8] . In a previous report [3b], the GL determination in the aerial part established the presence of the same three major GLs, i.e. 1, 2, and 3. Additional minor GLs, identified by their degradation products, were also reported, namely GTL, GCC, GNA, GER and 6-(methylsulfanyl)hexyl GL (glucolesquerellin) [3b] .
Although a large number of crucifers contain aliphatic GLs, the sound seed-screening reported by Bennett et al. has brought to light clear subdivisions based on GL content: (i) only short-to mediumchain-length aliphatic (C-3, or C-3 and C-4 with traces of C-5); (ii) only long-chain-length aliphatic; (iii) only simple arylaliphatic (such as benzyl, 4-hydroxybenzyl, 2-phenylethylGL); and (iv) highly substituted arylaliphatic (such as 3,4-dihydroxybenzyl, 3,4-dimethoxybenzyl, 3,4,5-trimethoxybenzyl GLs) [9] . Crucifers such as Alyssum and Aurinia (predominance of C-5 and C-6 aliphatic GLs) and Biscutella (indole and long-chain aliphatic GLs) were found to show unique profiles [9] . Interestingly, the major GL in the seeds of Degenia velebitica, (Degen) Hayek -another plant belonging to the Alysseae tribe, like Alyssum, and Aurinia [1c] -is 3, a C-5 aliphatic GL [10] . In Aurinia, GLs were previously reported from A. saxatilis (L.) Desv. and A. saxatilis (L.) Desv. ssp. orientalis (Ard.) T.R. Dudley seeds. The GLs identified in both species were also 1, 2, and 3, and GNA [9, 11] . Additionally, the seeds of A. saxatilis ssp. orientalis were found to contain minor amounts of GCC and GER [11] . Our results and previous reports on Aurinia species chemistry suggest that the chemotaxonomically significant GLs are those bearing a C-5 chain i.e. olefinic 2, and thiofunctionalized 1 and 3 (Figure 1 ). These GLs can be considered as representative chemotaxonomic markers of Aurinia species, which will differentiate them from other species such as the rather similar Alyssum plants. Other major (e.g. GNA) and/or minor GLs can be suggested to be important tags which differentiate species within the genus. As a result, it is important to determine in the future the GL profiles of different plant parts of the other Aurinia species and quantify these metabolites in order to confirm the hypothesis.
In combination with the previously identified flavonoids [1d], GLs add valuable information towards the chemotaxonomy of the Aurinia genus. This information can be regarded as characteristic, together with features obtained through other methodologies, such as DNA sequencing and DNA barcoding, in order to better understand the relationships among genera within the family. Quantitative and qualitative evaluation of the GLs, due to their promising biological activities, can contribute to the goal of characterization of plant potential value for various aspects such as medicinal and nutritional ones. With the exception of the above-mentioned molecules, all volatile fractions from the investigated species contained compounds devoid of nitrogen or sulfur (Table 3) -mostly fatty acids, esters, alkanes, phenols, phenylpropanoids and related derivatives. The major products belonging to this class were hexadecanoic acid (0.3 -27.3%) and ethyl linoleate (9.8 -16.1%). The previous study on A. sinuata aerial parts showed the presence of hexadecanoic acid in high percentage (11.2 %) as well [3a] .
Experimental
General: All the solvents employed were purchased from Fluka Chemie, Buchs, Switzerland. Anhydrous sodium sulfate was obtained from Kemika, Zagreb, Croatia. Myrosinase (β-thioglucoside glucohydrolase; E.C. 3.2.1.147; 361 U g −1 ) from Sinapis alba seed was purchased from Sigma-Aldrich Chemie GmbH, Steinheim, Germany. HPLC analyses of DS-GLs were performed on an Agilent model 1100 equipped with an Inertsil ODS-3 column (250  3.0 mm, 5 m particle size) and a diode array detector. GC analyses were performed on a gas chromatograph (model 3900; Varian Inc., Lake Forest, CA, USA) equipped with a mass spectrometer (model 2100T . Seeds and roots were reduced to a fine powder. Samples of ca 500 mg were extracted for 5 min at 80°C in 2  5 mL EtOH-H 2 O (70:30 v/v), using a U-Turrax (IKA T25) homogenizer and then centrifuged. Supernatants were combined, and the final volume was measured. Each extract (1 mL) was loaded onto a mini-column filled with 0.6 mL of DEAE-Sephadex A-25 anion-exchange resin (GE Healthcare) conditioned with 25 mM acetate buffer (pH 5.6). After washing with 3 mL of buffer, 200 μL (0.35 U mL -1 ) of purified sulfatase [4c] was loaded onto the mini-column, which was left on at room temperature overnight. The DS-GLs were then eluted with 3 mL of ultra pure H 2 O and analyzed by HPLC.
Enzyme hydrolysis:
Crushed and dried undefatted seeds (1 g) and roots (5 g) were homogenized separately with H 2 O (100 mL), and myrosinase enzyme (1-2 units, Sigma) and left for 17 h at room temperature (ca 30°C). During this period, volatiles are produced from GLs by myrosinase catalyzed hydrolysis, and from several different precursors by the action of other endogenous enzymes. Then sufficient redistilled dichloromethane (3  20 mL) was added, the mixtures were shaken for 30 min and separated by centrifugation for 5 min at 4000 rpm. The separated organic layer was dried over anhydrous sodium sulfate. The dichloromethane layer was concentrated to 100 µL. All the obtained hydrolyzates were kept (in a tightly closed vial) in a freezer at -20°C until GC-MS analysis [3a] .
HPLC analysis:
The chromatography of DS-GLs was performed with an Inertsil ODS-3 column, thermostated at 30°C, at a flow rate of 1 mL min -1 eluting with a gradient of H 2 O (A) and acetonitrile (B) following the program: 1 min 1% B; 22 min linear gradient up to 22% B; 3 min linear gradient down to 1% B. DS-GLs were detected by monitoring the absorbance at 229 nm [3b] .
GC/MS analysis:
Chromatographic conditions were as follows: helium carrier gas at 1 mL min −1 , injector temperature 250ºC.
VF-5MS, column temperature was programmed at 60ºC isothermal for 3 min, and then increased to 246ºC at a rate of 3ºC min −1 and held isothermal for 25 min. The injected volume was 1 μL and the split ratio was 1:20. MS conditions were: ionization voltage 70 eV; ion source temperature 200ºC; mass scan range: 40-350 mass units. The analyses were carried out in duplicate [12] .
Identification and quantification:
The identification of DS-GLs was performed on the basis of the retention time and UV spectra of each DS-GL compared with pure standards [4c]. The GL amount was quantified by using a calibration curve of pure DS-SIN solution (range from 0.14 to 1.4 mM) and RPFs for each individual DS-GL. The published RPFs for DS-GLs [4a] were used, with the exception of DS-GCC, for which an arbitrary RPF value equal to 1 was set. Individual peaks of volatiles were identified by comparing their retention indices and mass spectra with those of authentic samples, as well as by computer matching against the Wiley 275-library spectra database and comparison of the mass spectra with literature data [13a, b] . The percentages in Tables 2 and 3 were calculated as the mean value of component percentages on column VF-5MS for analyses run in duplicate.
